ABSTRACT
INTRODUCTION
Patterns of variation in plant-pollinator systems along environmental gradients have been addressed in a variety of ecological and spatial scales (Devoto et al., 2005) . Different authors (e.g., Bawa, 1974; Kaur et al., 1978; Bawa, 1990) have attempted to use reproductive features to explain the general patterns of diversity and community structure found in the tropical woodlands with the underlying idea that the plant diversity and spatial distribution are dependent on reproductive processes (Heithaus, 1974) . Studies on the reproductive biology of cerrado plant species have shown a great diversity of pollination systems, similar to those found in Neotropical forests (Oliveira and Gibbs, 2002) . The data emerging from the reproductive biology of plants have important consequences for conservation and understanding of the organization of cerrado communities (Oliveira and Gibbs, 2002) . Geographical and environmental distribution patterns of the different pollination systems have been identified, and the dominance of some groups may, to a certain extent, characterize different communities (Regal, 1982; Bawa, 1990) . The Cerrado Domain occupied originally 23% of the Brazilian territory (ca. 2 million km 2 ), especially in the Central Plateau, being the second largest phytogeographic province of Brazil (Ratter et al., 1997) . As its name implies, in the Cerrado Domain, the cerrado vegetation prevails. The cerrado vegetation is not uniform in physiognomy (Coutinho, 1990) , ranging from grassland to tall woodland, but most of its physiognomies lie within the range defined as tropical savanna (Sarmiento, 1983) . Castro et al. (1999) estimated that 3,000 to 7,000 vascular plant species occur in this vegetation type, from which 1,000 to 2,000 belong to the woody component.
As in other tropical communities (Bawa, 1990) , plant-pollinator relationships in the cerrado seem to involve guilds of pollinators associated with a given plant or group of plants (Oliveira and Gibbs, 2000) . There are few one-to-one plant-pollinator relationships, although many taxa are still poorly studied (Oliveira and Gibbs, 2002) . Bee pollination is dominant both in cerrado and Neotropical forests (Oliveira and Gibbs, 2000; Dulmen, 2001; Ramírez, 2004) . Many large-bee genera observed in cerrado were also reported for wet and dry forests in Costa Rica (Bawa et al., 1985; Kress and Beach, 1994) , as well as the small Meliponinae and Halictidae bees. In the cerrado, bees are the main pollinators, but other pollinators visit flowers of both woody and herbaceous cerrado species (Oliveira and Gibbs, 2002) . Rare and almost absent groups are butterflies and hummingbirds, which are frequent opportunist visitors or only secondary visitors of many woody species (Oliveira and Gibbs, 2000) . The relationships between plants and pollinators are very important to the structure and biological organization of communities, affecting spatial distribution, abundance, richness, trophic structure, and phenodynamic (Heithaus, 1974; Frankie, 1975; Bawa et al., 1985; Morellato, 1991) , as well as genetic diversity by providing gene flow (Nason et al., 1997) . The structure of the vegetation can also be related to its reproduction, since it interferes in the horizontal and vertical organization of the plants (Ramírez, 1993) . Pollination system patterns can vary according to climate, altitude, geographic region, and vegetation type (Silberbauer-Gottsberger and Gottsberger, 1988) . The main selective pressures on pollination strategies stem mainly from the environment in which the plants occur, such as subcanopy, canopy, edge, or interior of a given fragment (Opler et al., 1980a; Waller, 1988; Morellato, 1991) . Thus, different environmental conditions between the edge and the interior of the fragments or between the lower and the upper strata -differences in humidity, illumination, and airflow -increase the differences between ecological niches (Roth, 1987) and may imply differences in the proportions of pollination systems (Smith, 1973) . Pollination systems are not randomly distributed in the community (Bawa et al., 1985) . There are, for example, differences between the species reaching the canopy and those living in the inferior strata (Bawa et al., 1985) . Since the vertical structure of the vegetation results in stratification of food resources and microclimate, the animal community may also be stratified (Smith, 1973) . Thus, each vegetation stratum may have its own characteristic pollinators (Smith, 1973) , which, in turn, may be related to vertical differences in flower morphology (Bawa and Opler, 1975; Opler et al., 1980a; Bawa et al., 1985) . Vertical stratification of pollination systems may also occur in the cerrado (Oliveira and Gibbs, 2002) . Moths and bats are pollinators mostly of trees, whereas wind and hummingbird pollination appear mostly in the herbaceous layer (Oliveira and Gibbs, 2002) . Although Araújo (2001) found no significant difference in the distribution of the pollination systems between the border and the interior of woodland fragments in the Brazilian Pantanal, species pollinated by wind, bats, and hummingbirds were not found inside seasonal forest fragments (Opler et al., 1980b; Morellato, 1991) . Community level studies on different pollination systems may ultimately prove to be vital in understanding community structure and organization (Bawa et al., 1985) . We determined the frequency of pollination systems in the woody component and analyzed the spatial distribution of these systems horizontally -in relation to distance from edge -and vertically -in relation to heightin some cerrado fragments. We tried to answer the following questions: What are the frequencies of the pollination systems among cerrado woody species? Did these frequencies vary from the edge to the interior of the fragments? Did these frequencies vary in relation to height?
MATERIAL AND METHODS
We carried out this study in the municipalities of Alto Taquari (Mato Grosso state), Alcinópolis (Mato Grosso do Sul state), and Mineiros (Goiás state), central-western Brazil, in the southwestern portion of the Brazilian Central Plateau. Regional climate is classified as Aw (Köppen, 1931) , that is, humid tropical with wet summer and dry winter. Annual rainfall varies from 1,200 to 2,000 mm, concentrated from October to March, and mean annual temperature lies around 24.6°C (RamosNeto and Pivello, 2000) . This region was originally covered mainly by cerrado vegetation, from open (campo limpo, a grassland savanna) to closed (cerradão, a tall woodland) physiognomies, following Coutinho's (1990) On the satellite image, we randomly picked the initial points of transects. We placed 38 transects in the five fragments: eight in the first and fourth ones, four in the second one, twelve in the third one; and six in the fifth one. In a given fragment, the transects were at least 100 m apart each other. In each transect, we placed 15 sampling points 10 m apart each other, starting at 10 m from the fragment edge. We used the point-quarter method (Mueller-Dombois and Ellenberg, 1974) to sample the woody component. In each point, we sampled four woody plants with stem diameter at soil level equal to or larger than 3 cm, all potentially reproductive adults. Thus, in the 38 transects, we placed 570 points and sampled 2,280 individuals. We collected the sampled individuals and identified them by comparison with lodged material at the São Paulo Botanical Institute or at the Federal University of São Carlos herbaria, by comparison with the Emas National Park reference collection (Batalha and Martins, 2002) , or by using identification keys based on vegetative characters (Batalha and Mantovani, 1999) . We classified the species into families following Judd et al. (1999) and into pollination systems based on the literature (e.g., SilberbauerGottsberger and Gottsberger, 1988; Barbosa, 1997; Borges, 2000; Oliveira and Gibbs, 2000) . Occasionally, when we could not find data for a given species, we classified its pollination system based on data of related species of the same genus or based on their floral traits. We recognized the following pollination systems: wind, beetles, moths, bees, small insects, hummingbirds, and bats. The 'small insects' class included a varied assemblage of relatively small insects, such as small bees, beetles, flies, wasps, and butterflies (Bawa et al., 1985) . Then we calculated the frequency of each pollination system among the sampled individuals. To test whether the frequencies of the pollination systems varied with distance from edge and with height, we used regression analyses (Zar, 1999) . We used only those pollination systems with at least ten individuals. We grouped the sampled individuals according to their distance from edge; that is, for a given distance, we sampled 152 individuals (four individuals per point and 38 points for each distance) and calculated the frequencies of each pollination system in these 152 individuals. In relation to height, we arranged the individuals in decreasing order of height and divided them in eight classes with similar number of individuals (Table 1) . We calculated median height and the frequency of each pollination system in each class. In the regression analyses, "distance from edge" or "height class" were the independent variables and "frequency of a given pollination system" was the dependent one.
RESULTS
We sampled 2,280 individuals, representing 121 species and 38 families ( Table 2) . Fabaceae (24 species) and Myrtaceae (18 species) were the richest families, and Davilla elliptica A. St-Hil (337 individuals) and Myrcia bella Triana (246 individuals) were the best represented species. Of the 121 species, one was pollinated mainly by wind (0.83%), three by beetles (2.48%), 15 by moths (12.40%), 65 by bees (53.72%), 30 by small insects (24.79%), two by hummingbirds (1.65%), and five by bats (4.13%). Of the 2,280 individuals, two were pollinated mainly by wind (0.09%); ten, by beetles (0.44%); 204, by moths (8.95%); 1,712, by bees (75.09%); 310, by small insects (13.59%); three, by hummingbirds (0.13%); and 39, by bats (1.71%). For four out of the five pollination systems with at least ten individuals, we found no significant variation in relation to distance from edge (moths: R 2 = 0.006, P = 0.604; bees: R 2 = 0.007, P = 0.733; small insects: R 2 = 0.007, P = 0.790; bats: R 2 = 0.083, P = 0.227; Fig. 1 ). We found a decrease in the frequency of plants pollinated by beetles towards the fragment interior (R 2 = 0.210, P = 0.034; Fig. 1) . Similarly, for four out of the five pollination systems with at least ten individuals, we found no significant variation in relation to height (moths: R 2 = 0.351, P = 0.155; beetles: R 2 = 0.324, P = 0.247; bees: R 2 = 0.391, P = 0.075; small insects: R 2 = 0.445, P = 0.067; Fig. 2 ). We found an increase in the frequency of plants pollinated by bats towards higher heights (R 2 = 0.632, P = 0.005; Fig.  2 ). Weber (1982) . Pol -pollination systems; ba -bats; be -bees; bt -beetles; hbhummingbird; mo -moths; si -small insects; wi -wind. Sources 
DISCUSSION
Most woody species in the cerrado fragments we sampled were pollinated mainly by bees, followed by small insects and moths. Bees were the main pollinators in other cerrado sites as well, such as in Botucatu, southeastern Brazil (Silberbauer- Gottsberger and Gottsberger, 1988) , and Brasilia, central Brazil (Oliveira and Gibbs, 2000) , and in other vegetation types, such as rain forest (e.g., Bawa et al., 1985) . Pollination by bees is the most frequent pollination system not only in the cerrado, but also in the Neotropical flora as a whole (Gentry, 1982) . Most plants with rather conspicuous, often large, tubular flowers pollinated by specialized large and medium-sized bees belong to Amazonian-centered families, which are also the most frequent families in the cerrado flora, as, for example, Apocynaceae, Bignoniaceae, Lecythidaceae, and many Fabaceae (Gentry, 1982) . Corroborating Oliveira and Gibbs (2000) , who stated that butterflies and hummingbirds are rare groups as main pollinators of cerrado woody species, we found no species pollinated mainly by butterflies and only two pollinated mainly by hummingbirds. Silberbauer- Gottsberger and Gottsberger (1988) postulated that some environmental conditions, especially high temperatures and low air humidity, would explain the low incidence of hummingbird pollination in cerrado sites. Pollinating birds seem to be more abundant in habitats with a less seasonal climate, dominated by favorable conditions, which is associated with more constant and abundant food resources throughout the year (Ramírez, 2004) . Though not frequent in cerrado woody species, butterfly and wind pollination may be important, respectively, among Asteraceae (Silberbauer- Gottsberger and Gottsberger, 1988) and grasses and sedges (Barbosa, 1997; Oliveira and Gibbs, 2000) , families that are frequent among cerrado herbaceous species (Batalha and Martins, 2002) . Morellato (1991) found higher frequencies of bat-, bird-, and wind-pollinated species in the edge of rain forest fragments and of bee-pollinated species in the interior. Whereas the frequency of pollination systems varied from the edge to the interior in rain forest fragments (Morellato, 1991; Opler et al., 1980b) , we did not find such trend for the pollination systems in cerrado fragments, except for the plants pollinated mainly by beetles, whose frequency decreased towards the fragment interior. The non-variation of most pollination system in cerrado fragments in relation to the distance from edge could be a consequence of the open physiognomy of the sampled vegetation. Since the cerrado sensu stricto physiognomy fits the definition of a tropical savanna (Bourlière and Hadley, 1983) , the differences in environmental conditions between edge and core regions of these fragments may be not as high as those in forest fragments. Species pollinated mainly by hummingbirds, small insects, beetles, butterflies, and moths should be particularly common in the subcanopy, whereas species pollinated mainly by medium-sized to large bees should be predominant in the canopy (Bawa et al., 1985; Ramirez, 1993) . In forests, pollination systems present maximum diversity in the subcanopy, and although almost all systems occur in the canopy, approximately two thirds of the species in this stratum are pollinated by medium-sized to large bees and small diverse insects (Appanah, 1981; Bawa et al., 1985; Ramírez, 1989; Ramalho, 2004; Ramírez, 2004) . Hummingbird and moth pollination systems are almost completely absent in the canopy trees (Appanah, 1981; Bawa et al., 1985; Ramirez, 1989) . Notwithstanding, we found no significant variation of the pollination system frequencies in relation to height, except for those plants pollinated by bats, whose frequency increased towards higher heights. The relative proportion of various pollination systems seems to be related to vegetation structure and floristic composition (Ramírez, 1989) , and, in tropical communities, most pollinators act in a wide vertical space and only a few of them can be considered as exclusive of a determined strata (Ramírez, 1993) . In a savanna, such as the cerrado sensu stricto we sampled, trees are much lower than in a forest, and, thus, restriction of pollinators to a determined strata should be much less frequent than in forests. In this study, bees were the main pollinators; as expected in a Neotropical flora (Gentry, 1982) . In general, we found no horizontal and vertical variation in the pollination systems, contrarily to what was found in forests. Probably, this was a consequence of the more open physiognomy of the cerrado fragments. There have been few studies that evaluated the distribution of pollination systems in relation to distance from the edge in fragments and tree height (Ramirez, 1993) . Detailed studies on the ecological and geographical variations of the pollination systems in cerrado fragments are still lacking, especially concerning the herbaceous component and throughout the cerrado physiognomic gradient.
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RESUMO
As principais pressões seletivas nas estratégias de polinização originam principalmente do ambiente em que plantas ocorrem, como subdossel, dossel, borda ou interior de um fragmento. Diferentes condições ambientais aumentam as diferenças entre os nichos ecológicos e podem implicar diferenças nas proporções dos sistemas de polinização. Em fragmentos de cerrado, determinamos a freqüência dos sistemas de polinização e analisamos sua distribuição espacial. Lançamos 38 transecções aleatoriamente, amostrando 2.280 indivíduos e 121 espécies. Como esperado para regiões neotropicais, a polinização por abelhas foi o sistema de polinização mais freqüente. Encontramos uma diminuição na freqüência de plantas polinizadas por besouros em direção ao interior do fragmento. De modo similar, encontramos uma variação significativa em relação à altura somente para os morcegos, havendo um aumento na freqüência de plantas em direção a alturas mais altas. Em geral, não encontramos variações horizontais e verticais nos sistemas de polinização, provavelmente, como conseqüência da fisionomia mais aberta de cerrado.
